The crystal structures of 5-bromo-1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene, C 17 H 29 BrOSi, (I), 1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene, C 17 H 30 OSi, (II), and N-(2,6-diisopropylphenyl)-1,1,1-trimethyl-N-(trimethylsilyl)silanamine, C 18 H 35 NSi 2 , (III), are reported. Compound (I) crystallizes in space group P2 1 /c with Z 0 = 1, (II) in Pnma with Z 0 = 0.5 and (III) in Cmcm with Z 0 = 0.25. Consequently, the molecules of (II) are constrained by m and those of (III) by m2m site symmetries. Despite this, both (I) and (II) are distorted towards mild boat conformations, as is typical of 2,6-di-tert-butyl-substituted phenyl compounds, reflecting the high local steric pressure of the flanking alkyl groups. Compound (III) by contrast is planar and symmetric, and this lack of distortion is compatible with the lower steric pressure of the flanking 2,6diisopropyl substituents.
The crystal structures of 5-bromo-1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene, C 17 H 29 BrOSi, (I), 1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene, C 17 H 30 OSi, (II) , and N-(2,6-diisopropylphenyl)-1,1,1-trimethyl-N-(trimethylsilyl)silanamine, C 18 H 35 NSi 2 , (III), are reported. Compound (I) crystallizes in space group P2 1 /c with Z 0 = 1, (II) in Pnma with Z 0 = 0.5 and (III) in Cmcm with Z 0 = 0.25. Consequently, the molecules of (II) are constrained by m and those of (III) by m2m site symmetries. Despite this, both (I) and (II) are distorted towards mild boat conformations, as is typical of 2,6-di-tert-butyl-substituted phenyl compounds, reflecting the high local steric pressure of the flanking alkyl groups. Compound (III) by contrast is planar and symmetric, and this lack of distortion is compatible with the lower steric pressure of the flanking 2,6diisopropyl substituents.
Chemical context
Aryl siloxanes and silanamines are important reaction intermediates, especially as protecting groups for phenols and anilines (Lucente-Schultz et al., 2009) . Thus, 5-bromo-1,3-ditert-butyl-2-[(trimethylsilyl)oxy]benzene, (I), is used as a synthetic intermediate to form inter alia p-conjugated arylboron radicals (Chung et al., 2018) , p-quinone methides (Wang et al., 2018) and spin-labelled polymers (Otaki & Goto, 2019) . Recently a new cross-coupling reaction using the parent phenol was shown to be more effective than using protected 1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene, (II) (Nieves-Quinones et al., 2019) . Silanamines such as N-(2,6-diisopropylphenyl)-1,1,1-trimethyl-N-(trimethylsilyl)silanamine, (III), can support chemistry at the 4-position of the ring, including robust heteroelement derivatives (Maaninen et al., 1999) , and are also good sources for the controlled synthesis of early transition-metal amides (Siemeling et al., 1999; Pennington et al., 2005) . Similarly, substitution of (II) at the 4position of the ring leads to numerous intrinsic heteroatom derivatives in addition to follow-up reactivity at oxygen (Kindra et al., 2013; Poverenov et al., 2007; Satoh & Shi, 1994; Healy & Barron, 1990) . Herein we report the single-crystal X-ray diffraction structures of (I), (II) and (III).
Figure 1
Displacement ellipsoids plot of the molecular structures of (a) (I) at the 50% probability level; (b) (II), also at the 50% probability level, and (c) (III) at the 40% probability level. H atoms have been omitted and the atom numbering schemes are shown. [Symmetry codes: (i): x, 1 2 À y, z; (ii) 1 À x, y, 3 2 À z; (iii) x, y, 3 2 À z; (iv) 1 À x, y, z.]
Cmcm and Z 0 = 0.25 but there are no contacts shorter than AEr vdW . The resultant weak packing ( Fig. 4 ) may be a contributing factor to the rather large displacement ellipsoids occurring in the anisotropic refinement of (III).
Database survey
The geometry of (I) may be compared to that of 4-bromo-2,6di-tertbutylphenol, for which a modern low-temperature areadetector structure has been reported in the Cambridge Structure Database (CSD, Version 5.40, with updates to February 2019; Groom et al., 2016) with refcode BBPHOL02 (Marszaukowski & Boeré, 2019) . The C-Br distance of 1.904 (2) Å in (I) is indistinguishable from 1.905 (3) Å in the latter at the 99% confidence level. Both (I) and (II) can be compared with five other reported structures in the CSD that share the same combination of 2,6-di-tert-butylphenyl rings and 1-trimethylsiloxane substituents, with CSD refcodes: GIFCEE (Poverenov et al., 2007) , JEHDOP (Healy & Barron, 1990) , LIKYEJ, which has three independent such moieties attached to a B 3 O 3 ring (Satoh & Shi, 1994) , TIXZUK, in which two such groups are attached to bismuth atoms that are dimerized through a short MÁ Á ÁM contact (Kindra et al., 2013) and TIYBEK (Kindra et al., 2013) . All the interatomic distances and angles in (I) and in (II) are indistinguishable from the mean values for the eight independent comparators at the 99% confidence level (nine when BBPHOL02 is included for the non-trimethylsilyl dimensions). This allows for the computation of global mean values (Table 1) . Thus, the Si-O distances of 1.6617 (15) and 1.6655 (12) Å in (I) and (II) fit within an average of 1.657 (10) Å for this set of di-t Buflanked trimethylsiloxanes, and close to the upper quartile value of 1.652 Å for all organic Si-O bond lengths (Lide, 2004) . A comparison of symmetry-averaged interatomic distances (Å ) and angles ( ) for (I), (II) and (III) with the discussed comparator sets is presented in Table 1 . One exception to taking meaningful averages concerns the C1-O1-Si1 angles, which though similar in (I) and (II) at 139.75 (13) and 137.91 (10) , are both intermediate with respect to an overall range from a low of 126.8 (1) in GIFCEE to a high of 150.3 (2) in one of the TIKZUK components. Evidently, this angle has a wide variability and a low specificity, so it was of interest to investigate if the values are independent of other structural parameters. For example, attempted correlation of these angles with the C1-O1 bond length shows an almost random scatter. However, all members of this series show mild distortions of the substituted benzene rings towards a boat conformation in which S11, O1, C1 and C4 deviate in the same direction from planar and the t Bu group C7 and C11 atoms deviate in the opposite direction. A Unit-cell packing diagram for (II) viewed perpendicular to c with H atoms shown with arbitrary radii and intermolecular contacts less than AErvdW as dashed blue lines.
Figure 4
Unit-cell packing diagram for (III) viewed perpendicular to c with H atoms shown with arbitrary radii. Small, non solvent-accessible, voids of 22 Å 3 are shaded ochre.
Figure 2
Unit-cell packing diagram for (I) viewed bisecting with H atoms shown with arbitrary radii and intermolecular contacts less than AErvdW as dashed blue lines. strong correlation is found between the deviation of Si1 from the mean planes defined by C2, C3, C5 and C6 (and hence with the C1-O1-Si1 angle) and similar deviations of smaller magnitude for O1, C1 and C4 (correlation coefficients of 0.98, 0.93 and 0.83, respectively). Thus, bends at the siloxane oxygen atoms smoothly pucker the whole rings toward boat conformations. A consideration of the fits between the t Bu and Me 3 Si groups also indicates that the former undergo rotation so as to accommodate the various tilt angles of the latter from the mean molecular planes -a double turnstile motion that accommodates variations in their relative positions despite the interlocking interactions within these structures.
A close structural analogue to (III) has been reported for an aminosilanetrithiol analogue (IV), which has one of the SiMe 3 groups replaced by Si(SH) 3 ) (CSD refcode QOCSEI; Li et al., 2014) . This is almost isostructural and crystallizes in space group Cmc2 1 with a unit cell that is imperceptibly different at the 99% confidence level (0.6% shorter in a but 0.6% longer in c, leading to a volume just 0.1% lower). It has a mirror disorder of the SiMe 3 and Si(SH) 3 groups as a consequence of being positioned with the aryl ring on a lattice mirror plane. Molecules of (IV) share the same relative lattice positions as those of (III) in Cmcm.
The reduced site symmetry [compared to m2m in (III)] results in considerable asymmetry in the benzene ring in QOCSEI and a small deviation from full orthogonality of the N-SiR 3 units w.r.t. the benzene ring (dihedral angle of 88.1 ). By contrast, orthogonal arrangements of the aryl and CNSi 2 planes are found in the (ordered) structures of two ringsubstituted derivatives of (III) with refcodes CORKAV (4-SeCl 3 ) and QOCSEI (4-ferrocenylethynyl), neither of which have site-symmetry restraints (Maaninen et al. 1999; Siemeling et al., 1999) . This suggests that it is the interlocking steric constraints of the 2,6-diisopropyl and N(SiMe 3 ) 2 groups that induces these highly regular structures, and greater planarity of the aromatic rings and substituents compared to the typical distortions observed for 2,6-di-tert-butyl phenol derivatives such as (I) and (II). Notably, there is only one reported crystal structure of a 2,6-di-tert-butylaniline with two silyl substituents, in the form of a four-membered N 2 (Si i Pr 2 ) 2 ring (refcode: FOTWEQ; Stalke et al., 1987) and this is severely distorted from planarity towards a boat conformation with the N atoms 0.60 and 0.69 Å out of the planes of the four central ring carbon atoms.
Within the comparison set of these three previously reported structures, the Si1-N1 distance of 1.7529 (13) Å in (III) compares well with the mean value of 1.750 (2) Å for CAQWUW and CORKAV, whereas the value in QOCSEI of 1.788 (8) Å is different at the 99% confidence level and may have been elongated by the disorder refinement, in agreement with the author's report that the DFT-computed value for this bond is noticeably shorter at 1.744 Å (Li et al., 2014) . There is also considerable variation amongst the four structures for the individual Si-C lengths in different positions (e.g. Si1-C7 versus Si1-C8) but the average of Si-C distances of 1.861 (2) Å , and N-Si-C and C-Si-C angles of 110.76 (11 Table 1 Average interatomic distances and angles (Å , ) in (I), (II) and (III) with comparators.
Atom numbers taken from (I). (17) 1.537 (7) 1.530 (2) 1.523 (6) Av C-Si-C 109.88 (9) 109.21 (6) 110.0 (8) 110.76 (11) 110.7 (5) Av O,N-Si-C 109.01 (11) 109.68 (7) 108.9 (18) 107.79 (13) 107.84 (9) C1-O1,N1-Si1 139.75 (13) 137.90 (10) 140 (5) 116.92 (7) 117.0 (10) Av C2,6-C1-O,N 119.42 (17) 119.31 (7) 119.2 (10) 119.81 (13) (14) 109.5 (2) 109.55 (7) and 107.79 (13) , respectively in (III) are not significantly different at the 99% confidence level from the corresponding mean values for the comparison set of 1.859 (6) Å , 110.7 (5) and 107.84 (9) , respectively. All other interatomic distances and angles found for (III) are similarly indistinguishable from the comparison set at the 99% confidence level.
Synthesis and crystallization
2,6-Di-tert-butyl-phenol (Acros), 2,6-di-tert-butyl-4-bromophenol and 2,6-diisopropylanilene (Aldrich) were commercial products and used as received except where noted. The technical grade anilene was purified by vacuum distillation. Solvents (BDH) were chromatographic grade and dried before use by standard methods. NMR spectra were recorded on a 300 MHz Bruker Avance II spectrometer and are referenced to tetramethylsilane at 0 ( 1 H) and CDCl 3 at 77.23 ( 13 C) ppm.
Preparation of (I)
Compound (I) was prepared by modification of a literature method (Lucente-Schultz et al., 2009) . A 250 ml side-arm RBF was charged with 2.85 g (10 mmol) of 2,6-di-tert-butyl-4bromophenol in 50 ml of dry THF. The solution was cooled to 195 K for 10 min with stirring. Then 6.0 ml (15 mmol) n BuLi (2.5 M in hexanes) was slowly added and the resulting mixture was stirred for 1 h. Next, chlorotrimethilsylane (2.17 g, 20 mmol) was added to the mixture and the reaction was stirred for 1 h while warming to RT. The product was poured into water (50 ml) and extracted with hexanes twice (2 Â 20 ml). The organic layer was washed with water (30 ml), dried with anhydrous MgSO 4 and filtered. The product was isolated as a colorless crystalline solid on evaporation and found to be synthetically pure. Yield 3.21 g (90% ); 128.69 (C 3,5 ); 143.12 (C 2 , 6 ); 152.44 (C 1 ). Crystals were grown from hexanes.
Preparation of (II)
Compound (II) was prepared in an analogous manner to (I) from 2.06 g (10 mmol) of 2,6-di-tert-butylphenol. Other reagent quantities match those used for (I). The colorless crystalline product solidified on evaporation and was found to be synthetically pure (1.81 g, 65% 35.18 [-C(CH 3 ) 3 ]; 120.69 (C 3 ); 125.80 (C 4 ); 140.87 (C 2 ); 153.20 (C 1 ). NMR data was compared to the literature values (Goyal & Singh, 1996) . Crystals were grown from hexanes.
Preparation of (III)
Compound (III) was prepared as reported in the literature (Maaninen et al., 1999) . Crystals were grown by sublimation. 1 H NMR agrees with the literature.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms in the three structures are attached to C atoms and are treated as riding, with C-H = 0.98 Å and U iso = 1.5U eq (C) for methyl, with C-H = 0.97 Å and U iso = 1.3U eq (C) for methine and with C-H = 0.95 Å and U iso = 1.2U eq (C) for aromatic. H atoms attached to methyl carbon atoms C15 in the structure of (II) and C7 in the structure of (III) are duplicated by the mirror symmetries and have been refined with half-occupancy. Extinction correction: SHELXL-2018/3 (Sheldrick 2015b ), Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.00139 (10)
5-Bromo-1,3-di-tert-butyl-2-[(trimethylsilyl)oxy]benzene (I)

Crystal data
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br1 0.51566 (2) 0.21330 (2) (9) 0.0145 (9) −0.0004 (7) 0.0029 (7) −0.0023 (7) C2 0.0120 (9) 0.0134 (9) 0.0121 (9) 0.0027 (7) 0.0024 (7) −0.0002 (7) C3 0.0128 (9) 0.0154 (9) 0.0132 (9) 0.0006 (7) −0.0002 (7) −0.0003 (7) C4 0.0118 (9) 0.0130 (9) 0.0183 (10) −0.0021 (7) 0.0021 (7) −0.0029 (7) C5 0.0140 (9) 0.0127 (9) 0.0142 (9) 0.0002 (7) 0.0018 (7) 0.0017 (7) C6 0.0124 (9) 0.0146 (9) 0.0119 (9) 0.0015 (7) 0.0037 (7) −0.0013 (7) C7 0.0158 (9) 0.0129 (9) 0.0136 (9) 0.0005 (7) 0.0012 (7) 0.0015 (7) C8 0.0228 (10) 0.0177 (10) 0.0142 (9) 0.0003 ( 0.0139 (9) 0.0147 (9) 0.0131 (9) 0.0006 (7) −0.0004 (7) 0.0006 (7) C12 0.0175 (10) 0.0176 (10) 0.0197 (10) 0.0027 (8) −0.0015 (8) 0.0037 (8) C13 0.0132 (9) 0.0198 (10) 0.0215 (10) 0.0009 (8) −0.0005 (8) 0.0020 (8) C14 0.0204 (10) 0.0194 (10) 0.0142 (9) 0.0001 (8) −0.0006 (8) −0.0004 (8) C15 0.0215 (11) 0.0246 (11) 0.0214 (11) 0.0014 (9) 0.0049 (8) −0.0021 (9) C16 0.0261 (11) 0.0157 (10) 0.0294 (12) −0.0049 (9) 0.0021 (9) 0.0007 (9) C17 0.0230 (11) 0.0209 (11) 0.0291 (12) −0.0048 (9) −0.0042 (9) −0.0035 (9) Geometric parameters (Å, º) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.26 e Å −3 Δρ min = −0.28 e Å −3
Special details
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (5) C10 0.0315 (7) 0.0197 (6) 0.0291 (7) 0.0050 (5) 0.0000 (5) −0.0031 (5) C15 0.0230 (8) 0.0266 (9) 0.0280 (9) 0.000 0.0007 (7) 0.000 C16 0.0297 (6) 0.0263 (7) 0.0286 (7) 0.0000 (5) −0.0057 (5) −0.0048 (5) Geometric parameters (Å, º) N-(2,6-Diisopropylphenyl)-1,1,1-trimethyl-N-(trimethylsilyl) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.36 e Å −3 Δρ min = −0.26 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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